Rolling disease, the acute encephalopathy produced b y Mycoplasma neurolyticura toxin in rats and mice, was shown in the preceding paper (1) to be associated with brain lesions which, b y light microscopy, appeared to consist of focal aggregates of large vacuoles in the cortex and white matter. Areas of demyelination were also observed. I n animals surviving for longer than 2 days, extensive necrotizing lesions resembling ischemic necrosis were encountered.
Material and Methods
Fifteen Sprague-Dawley rats, weighing approximately 150 g, were used for this study. A dose of lyophilized toxin (1) was selected which caused obvious neurological disturbances (usually paralysis, clonic twitching of the extremities, and turning movements of the body), without killing all zmlma]s within the first few hours. With the lot of toxin used, this dose was 20 nag, contained in 1 ml distilled water, injected intravenously. All of the animals were still alive, although very ill, 16 hr after the injection. At this time, 10 were killed by perfusion through the ascending aorta with cold 3% glutaraldehyde solution in 0.1 ~ sodium phosphate. 30 ml of perfusate were administered, over a period of about 12 rain. Samples of brain tissue were then removed and postfixed in osmium for 90 rain. Five animals were anesthetized with pentobarbital, and biopsies of cortex and white matter were taken; these were immediately immersed in osmium tetroxide and also fixed for 90 rain. Dehydration of both sets of tissue were carried out in graded acetones. Thirty blocks were obtained from each animal and era-* Career Research Development Award United States Public Health Service IK3 NB 25 406-01.
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bedded in Araldite (Ciba Co., Duxford, England). The blocks were sectioned on an LKB microtome with glass knives. The electron microscope was a Siemens Elmiskop I.
All blocks were examined by thick sections, and thin sections were prepared from pertinent areas.
RESULTS
The findings were essentially the same in all animals, with only minor variations in degree of abnormality.
Cortex
The general appearance of the neuropil was remarkable. There were numerous large, clear vacuolar spaces, measuring up to 40 t~ in diameter (Figs. 1 to 3) . The vacuoles were usually free of recognizable organelles, but some contained mitochondria and small aggregates of fibrillar material similar to structures found in fibrous astrocytes. A few vesicular profiles and granular densities were also noted.
The vacuoles were bounded by distended cytoplasmic membranes, apparently intact and well preserved. Occasionally, breaks in the membrane were encountered. The apposition of the membranes of adjacent vacuoles formed delicate filamentous septae. In places, vacuoles were separated from each other by narrow bands of relatively normal, compact neuropil, Fig. 2 .
The vacuoles were interpreted as representing markedly swollen astrocytes. They were always bound by a double membrane, and were most prominent within the deep cortical layers and in the vicinity of blood vessels. The astrocytie nuclei ranged in appearance from essentially normal (Fig. 4) to extensively altered (Fig. 5) . In some, the nucleoplasm consisted of unevenly distributed fine granular material; the nuclear membranes were often fragmented. There were usually 1 or 2 nucleoli. The cytoplasm contained many osmiophilic bodies with the appearance of lipofusein, dispersed among vesicular structures resembling mitochondria, with scanty cristae within the clear matrix. There were also swollen sacs of endoplasmic reticulum, and occasional autophagic vacuoles containing poorly defined lamellar profiles (Fig. 5) .
The neurons in the immediate vicinity of aggregates of vacuoles appeared normal in most instances. The nucleus, cytoplasmic organelles, and ribonueleoprotein particles were within normal limits.
Microglia.--A small number of cells were noted with lobular nuclei and rather dense cytoplasm, free from filaments and with little endoplasmic reticulure. The cytoplasm contained abundant lysosomes, mitochondria, and vacuoles. In a few instances they exhibited short blunt processes extending around myelin sheaths, suggesting early phagocytic activity. The cells were considered to be active microglial elements with the properties of histiocytes (Fig. 6 ).
Blood Vessels.--The astrocytie foot processes attached to the basement membranes of capillaries were enormously distended, forming membrane-bound vacuolar spaces measuring as large as 50/z across ( Fig. 7) , Because of these structures, the vessels often appeared to be "floating" in large, empty spaces. The vessels themselves were essentially normal in structure. The endothelial cells contained the usual number of vesicles measuring around 600 A, small amounts of rough endoplasmic reticulum, and few mitochondria and Golgi complexes. At the junction of neighboring endothelial cells the apposed membranes exhibited well formed 1000 A desmosomes close tothe lumen side. The remaining endothelial junction consisted of the two almost parallel lines of adjacent cell membranes separated by a clear zone measuring 100 A (Fig. 8) .
The basement membrane of the capillaries was a well demarcated, faintly fibrillar band about 500 A in thickness, and in some areas surrounded the body of a pericyte.
White Matter
The myelinated axons were loosely arranged, often separated from each other by distended cellular processes similar to those in the cortex (Fig. 9) or by an increased extracellular compartment (Fig. 10) . In many intances, these membrane-bound processes caused displacement and distortion of the shape of myelin sheaths (Figs. 12 and 13). A common occurrence was the presence of a large pexiaxonal space between the neural structure and its myelin wrapping, resulting in large, seemingly empty chambers (Fig. 11) . In other areas, early degeneration of the myelin sheath with the formation of small digestion chambers surrounding an axon were seen (Fig. 14) . The axons themselves appeared intact, with homogeneous axoplasm and the normal number of neurofibrils and mitochondria. No evidence of Wallerian degeneration was found. Occasionally, the myelin of an intact axon had irregular splits in its lamellae which involved both major and minor periods; these were considered to represent minor artifacts.
In many areas of the white matter, the vessels and myelin elements were separated from each other by apparently free, extracellular fluid, without recognizable limiting membranes. It could not be determined whether this fluid came directly from the vascular elements or through disrupted astrocytic vacuoles or from some other source.
A few oligodendroglial cells were seen in the white matter. Their nuclei and narrow cytoplasmic rim were of normal size and density. The cytoplasmic organelles were normal.
DISCUSSION
The principal and apparently basic ultrastructural lesion was the massive swelling of astrocytes and their processes throughout the brain. Although the present study was confined to the brains of rats obtained 16 hr after an injection of toxin, it should be noted that the same change has been seen in rats killed 6 hr after toxin, and in mice. The degree of intracellular edema was sufficient to cause distortion and compression of myelinated axons, and furnishes an adequate explanation for the extensive lesions of bilateral, symmetrical ischemic necrosis which were observed by light microscopy in animals surviving 2 days or longer (1).
The distribution of swollen astrocytes in patchy aggregates of large size, but not diffusely throughout the cortex, serves to differentiate this reaction from other varieties of cortical edema. The lesions are partially reminiscent of some encountered in a number of human degenerative brain diseases loosely grouped together under the designation of "spongiform encephalopathy," (2--4).
Although most of the abnormal accumulations of fluid were within astrocytes, or within membrane-bound processes arising from these cells, considerable amount of fluid was free in the extracellular space of the white matter. It is possible that this came from ruptured cells, but the question cannot be settled at this time. Further studies are planned for evaluation of the extraceUular space of the brain by other techniques.
In the preceding paper evidence was presented which indicated that M.
neurolyticum toxin acts by way of receptors contained within the vascular compartment of the brain (1). Conceivably, binding of the toxin to a receptor in the capillary basement membrane, or in the astrocytic podocytes, might alter permeability at this level and cause the entry of fluid into systems of astrocytes. Ultrastructural studies failed, however, to provide information concerning a physical basis for this change in the barrier. The capillaries, their basement membranes or the attached astrocytic membranes showed no evidence of endothelial gaps, such as those described by Majno (5), or other forms of damage. Further studies, utilizing ferritin and thorotrast as indicators of vascular integrity, are planned.
SUMMARY
The ultrastructure of the experimental encephalopathy caused by Mycoplasma neurolyticum toxin has been studied. The primary changes are (a) massive distention of astrocytes by fluid, associated with degenerative changes in these cells, (b) mechanical displacement and compression of myelinated axons by swollen astrocytic processes, (c) the appearance of free, extracellular fluid in the white matter, and (d) early primary myelin degeneration without damage to axons. The surrounding myelin exhibits the formation of a small digestion chamber (DC).
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